Three dinuclear metal complexes (comprised of six-coordinated nNi 2 L and five-coordinated nCu 2 L and nZn 2 L) were confirmed by means of elemental analysis, UV-vis and IR spectra, and single X-ray crystal structural analysis in a spectroscopic study. The stable structures of these nNi 2 L, nCu 2 L, and nZn 2 L complexes in poly(vinylalcohol) (PVA) films were analyzed using UV-vis spectra. The molecular orientation of hybrid PVA film materials after linearly polarized light irradiation was analyzed to obtain the polarized spectra and dichroic ratio. Among the three materials, nNi 2 L and nZn 2 L complexes indicated an increasing optical anisotropy that depended on the flexibility of the complexes. We have included a discussion on the formation of the pseudo-crystallographic symmetry of the components in a soft matter (PVA films).
Introduction
Organic polymers or liquid crystals, including azo-groups, show optical anisotropy after linearly polarized UV light irradiation, which is the so-called Weigert effect (i.e., polarized light induces optical anisotropy of azo-compounds). It was reported in prior literature [1, 2] . To detect such optical anisotropy, polarized absorption UV-vis (electronic) [3] or infrared (IR) [4] spectroscopy was employed previously. Several researchers have investigated hybrid materials for photochromic azo-compounds [5] [6] [7] [8] [9] , as well as azo-compounds and metal complexes [10] , or azo-groups containing metal complexes in various polymer films [11] [12] [13] [14] [15] [16] . For such hybrid materials, the chirality of metal complexes or the azo-compounds plays a role in the detection of a separate component of composites [17, 18] . In addition, the intermolecular interactions between the components and polymers should also be considered in the discussion on supramolecular chirality and photo-induced molecular arrangement [19] . This concept was developed to investigate matrix proteins using chiral molecular recognition between the protein and (chiral) metal complexes, which were expected to fit both molecular shapes through the rotation of guest molecules by light irradiation [20, 21] .
Besides the azo-compounds, some components that have a large dipole moment or polarity may be candidates that exhibit light-induced molecular arrangements like the azo-compounds. However, the power to control their alignment may be weaker than in azo-compounds, due to the Weigert effect. Previously, we have attempted to compare some dinuclear complexes with/without of compounds containing azobenzene moiety, or at least in finding a new chiral crystallization of achiral compounds without azobenzene moiety. New examples of chiral crystallization (P21) were proposed to observe: (1) An azo-organic compound with a long π-conjugated system, and (2) a fivemembered ring with aromaticity. In both crystals, the component molecules were helically connected along one axis by hydrogen bonds.
Moreover, extracting intermolecular interactions from the crystal structure analysis of (a)chiral crystals may be important for induction of the anisotropic or helical orientation of molecules (essentially the dipole moments [34] ) in polymer films, using polarized UV light irradiation [35, 36] . However, due to the possibility of topological control and a lesser requirement for the molecular symmetry of the components (Scheme 2), (polarized UV) light may represent promising external stimuli for the current purpose. Scheme 1. Concept to induce pseudo-crystallographic symmetry in polymer films using polarized light. Scheme 1. Concept to induce pseudo-crystallographic symmetry in polymer films using polarized light.
Preparation of the PVA Hybrid Cast Films
Aqueous solutions (0.5 mM) of each complex nNi 2 L, nCu 2 L, and nZn 2 L, were mixed with PVA (10 wt%) and cast onto a slide glass on a hot plate (333 K) for 4 days, to obtain hybrid film materials for the optical experiments.
Physical Measurements
Elemental analyses were carried out with a Perkin-Elmer 2400II CHNS/O analyzer (Perkin-Elmer, Waltham, MA, USA) at the Tokyo University of Science. Infrared (IR) spectra were recorded on a JASCO FT-IR 4200 spectrophotometer (JASCO, Tokyo, Japan) in the range between 4000 and 400 cm −1 at 298 K. (Polarized) electronic (UV-vis) spectra were measured on a JASCO V-650 spectrophotometer (JASCO, Tokyo, Japan) equipped with a polarizer in the range between 800 and 220 nm at 298 K. 1H-NMR spectra were recorded on a JEOL JMN-300 spectrometer (300 MHz) (JEOL, Tokyo, Japan). Fluorescence spectra were measured on a JASCO FP-6200 spectrophotometer (JASCO, Tokyo, Japan) in the range between 720 and 220 nm at 298 K. Photo-illumination was carried out using a lamp (1.0 mW/cm 2 ) with optical filters (UV λ = 200-400 nm), producing a sample using the optical fibers and polarizer through the optical filters.
X-ray Crystallography
Prismatic single crystals were glued onto a glass fiber and coated with a thin layer of epoxy resin to measure the diffraction data. Intensity data were collected on a Bruker APEX2 CCD diffractometer with graphite monochromated Mo Kα radiation (λ = 0.7107 Å). Data analysis was carried out using the SAINT program package (2012). The structures were solved using direct methods with a SHELXS-97 and expanded by Fourier techniques. The structures were also refined using full-matrix least-squares methods, based on the F 2 using the SHELXL-97 program [26] . An empirical absorption correction was applied using the SADABS program. All non-hydrogen atoms were readily located and refined using anisotropic thermal parameters. All hydrogen atoms were located at geometrically calculated positions and were refined using riding models.
Crystallographic data for nNi 2 L (CCDC 1569974, see Supplementary Materials): C 24 Prismatic single crystals were glued onto a glass fiber and coated with a thin layer of epoxy resin to measure the diffraction data. Intensity data were collected on a Bruker APEX2 CCD diffractometer with graphite monochromated Mo Kα radiation (λ = 0.7107 Å). Data analysis was carried out using the SAINT program package (2012). The structures were solved using direct methods with a SHELXS-97 and expanded by Fourier techniques. The structures were also refined using full-matrix leastsquares methods, based on the F 2 using the SHELXL-97 program [26] . An empirical absorption correction was applied using the SADABS program. All non-hydrogen atoms were readily located and refined using anisotropic thermal parameters. All hydrogen atoms were located at geometrically calculated positions and were refined using riding models.
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Spectral Characterization
The IR spectra of all the three complexes nNi2L, nCu2L, and nZn2L showed a strong band of 1643, 1639, and 1648 cm −1 , respectively, which was assignable to the υ (C=N) stretching frequency of the iminic bond present in the complex moiety [27] .
UV-Visible (electronic) spectra of all the complexes in solid state, aqueous solution, and PVA were estimated and are shown in Figure 4 . It was clear from these spectra that all the metal complexes showed similar structures, as the UV-vis spectra in the PVA were similar to those in the aqueous solution.
For the nZn2L, we measured the corresponding UV-vis spectra after UV light (360 and 420 nm) irradiation for 5 min ( Figure 5 , right), as well as the luminescence spectra excited by UV light in an aqueous solution ( Figure 5 , left). Absorbance of the UV-vis spectra for the nZn2L aqueous solution decreased by UV light, suggesting that the electronic state of the nZn2L had changed into the excited state. 
The IR spectra of all the three complexes nNi 2 L, nCu 2 L, and nZn 2 L showed a strong band of 1643, 1639, and 1648 cm −1 , respectively, which was assignable to the υ (C=N) stretching frequency of the iminic bond present in the complex moiety [27] .
For the nZn 2 L, we measured the corresponding UV-vis spectra after UV light (360 and 420 nm) irradiation for 5 min ( Figure 5 , right), as well as the luminescence spectra excited by UV light in an aqueous solution ( Figure 5 , left). Absorbance of the UV-vis spectra for the nZn 2 L aqueous solution decreased by UV light, suggesting that the electronic state of the nZn 2 L had changed into the excited state. 
Polarized Light Induced-Anisotropic Molecular Orientation
Prior to the photochemical experiments of the hybrid film materials, we investigated the free volume to rotate molecules in a PVA matrix, the stability against UV light, and the Weigert effect, like the molecular alignment of the complexes in a PVA matrix induced by linearly polarized UVlight (during or after heating to dry to form films), as described in References [27, 28] . For example, we attempted to irradiate linearly polarized UV light on nZn2L + PVA for 10 min, and we measured fine changes in the polarized photoluminescence (PL) spectra equipped with an angular polarizer from 0 to 90 degrees [29] . We also obtained linear dichroism by means of polarized UV-vis spectra before and after linearly polarized UV light. Intensity at 0 degrees was larger than that at 90 degrees, suggesting that nZn2L changed its molecular orientation similar to the Weigert effect, and it kept a stable chemical species.
Linearly polarized UV-light-induced optical anisotropy in PVA hybrid cast films was successfully observed for the nNi2L + PVA and nZn2L + PVA, although nCu2L + PVA did not exhibit clear dichroism. The polarized electronic spectrum of the hybrid materials: nNi2L + PVA, nCu2L + PVA, and nZn2L + PVA, for every 5 degrees after irradiation with polarized UV light (200-400 nm), was recorded as shown in Figures 6-8 , respectively, and summarized in Table 1 , with the R and S values for the degree of optical anisotropy. The degree of photoinduced optical anisotropy of spectra is described by the S and R parameters, as in Reference [30] : 
Prior to the photochemical experiments of the hybrid film materials, we investigated the free volume to rotate molecules in a PVA matrix, the stability against UV light, and the Weigert effect, like the molecular alignment of the complexes in a PVA matrix induced by linearly polarized UV-light (during or after heating to dry to form films), as described in References [27, 28] . For example, we attempted to irradiate linearly polarized UV light on nZn 2 L + PVA for 10 min, and we measured fine changes in the polarized photoluminescence (PL) spectra equipped with an angular polarizer from 0 to 90 degrees [29] . We also obtained linear dichroism by means of polarized UV-vis spectra before and after linearly polarized UV light. Intensity at 0 degrees was larger than that at 90 degrees, suggesting that nZn 2 L changed its molecular orientation similar to the Weigert effect, and it kept a stable chemical species.
Linearly polarized UV-light-induced optical anisotropy in PVA hybrid cast films was successfully observed for the nNi 2 L + PVA and nZn 2 L + PVA, although nCu 2 L + PVA did not exhibit clear dichroism. The polarized electronic spectrum of the hybrid materials: nNi 2 L + PVA, nCu 2 L + PVA, and nZn 2 L + PVA, for every 5 degrees after irradiation with polarized UV light (200-400 nm), was recorded as shown in Figures 6-8 , respectively, and summarized in Table 1 , with the R and S values for the degree of optical anisotropy. The degree of photoinduced optical anisotropy of spectra is described by the S and R parameters, as in Reference [30] :
where A perpendicular and A parallel values denote the absorbance measured by the measuring polarizers that are perpendicular or parallel to the electric vector of irradiation polarized light. Thus, S = 0 and R = 1, and both the S and R parameters change with increasing anisotropic molecular orientation due to dichroism.
The nNi 2 L + PVA and nZn 2 L + PVA hybrid materials exhibited optical anisotropy in the charge transfer (CT) band (associated with the coordination environment), as well as in the π−π* band (associated with the organic ligand) after irradiation with the linearly polarized light. This suggested that the transition electric dipole moment was orientated parallel to the linearly polarized light (Figures 6-8) . Typically, the R value 0.967 → 0.913 of the CT band of nNi 2 L + PVA increased with the anisotropic alignment in the films. This indicated the rigid nNi 2 L and nZn 2 L orientation of the dipole moment induced by linearly polarized light. However, the flexible nCu 2 L did not exhibit optical anisotropy, suggesting that the orientation of the metal complex did not depend on the flexibility (hardness) of the structure around the metal in a complex [25] . where Aperpendicular and Aparallel values denote the absorbance measured by the measuring polarizers that are perpendicular or parallel to the electric vector of irradiation polarized light. Thus, S = 0 and R = 1, and both the S and R parameters change with increasing anisotropic molecular orientation due to dichroism. The nNi2L + PVA and nZn2L + PVA hybrid materials exhibited optical anisotropy in the charge transfer (CT) band (associated with the coordination environment), as well as in the π−π* band (associated with the organic ligand) after irradiation with the linearly polarized light. This suggested that the transition electric dipole moment was orientated parallel to the linearly polarized light ( Figures 6-8) . Typically, the R value 0.967 → 0.913 of the CT band of nNi2L + PVA increased with the anisotropic alignment in the films. This indicated the rigid nNi2L and nZn2L orientation of the dipole moment induced by linearly polarized light. However, the flexible nCu2L did not exhibit optical anisotropy, suggesting that the orientation of the metal complex did not depend on the flexibility (hardness) of the structure around the metal in a complex [25] . 
Making Pseudo-Crystallographic Symmetry
However, like the crystalline state, we also successfully induced anisotropic molecular orientation in the PVA films' using linearly polarized UV light irradiation. Recently, the alignment controls of molecules and nanoparticles have been studied to give photo properties [31] . X-ray diffraction spots were obtained, if possible, and the molecular structure was determined in the case of limited conditions [32] .
To form symmetry elements like crystals with polarized light in the polymer films (Scheme 1), the intermolecular interactions in chiral crystals of achiral molecules forming screw axes were used as a reference. To form a two-fold screw axis in the crystals, we considered the Weigert effect associated with azobenzene and linearly polarized light originally (and applied circularly polarized light for helical alignments) [33] . For example, it is necessary in finding a new chiral crystallization 
To form symmetry elements like crystals with polarized light in the polymer films (Scheme 1), the intermolecular interactions in chiral crystals of achiral molecules forming screw axes were used as a reference. To form a two-fold screw axis in the crystals, we considered the Weigert effect associated with azobenzene and linearly polarized light originally (and applied circularly polarized light for helical alignments) [33] . For example, it is necessary in finding a new chiral crystallization of compounds containing azobenzene moiety, or at least in finding a new chiral crystallization of achiral compounds without azobenzene moiety. New examples of chiral crystallization (P2 1 ) were proposed to observe: (1) An azo-organic compound with a long π-conjugated system, and (2) a five-membered ring with aromaticity. In both crystals, the component molecules were helically connected along one axis by hydrogen bonds.
Moreover, extracting intermolecular interactions from the crystal structure analysis of (a)chiral crystals may be important for induction of the anisotropic or helical orientation of molecules (essentially the dipole moments [34] ) in polymer films, using polarized UV light irradiation [35, 36] . However, due to the possibility of topological control and a lesser requirement for the molecular symmetry of the components (Scheme 2), (polarized UV) light may represent promising external stimuli for the current purpose. 
Conclusions
After linearly polarized UV light irradiation, the optical anisotropy of nNi2L and nZn2L parallel to the linearly polarized light in PVA was obtained. We attempted to irradiate linearly polarized monochromatic UV light (360 nm) on nNi2L + PVA, indicating optical anisotropy and molecular orientation. However, this angular optical anisotropy (R value 0.967 → 0.913) was vertical to the CT Scheme 2. Molecular symmetry imposed in crystal symmetry. Example for nNi 2 L in Pbca (#61).
After linearly polarized UV light irradiation, the optical anisotropy of nNi 2 L and nZn 2 L parallel to the linearly polarized light in PVA was obtained. We attempted to irradiate linearly polarized monochromatic UV light (360 nm) on nNi 2 L + PVA, indicating optical anisotropy and molecular orientation. However, this angular optical anisotropy (R value 0.967 → 0.913) was vertical to the CT band of the nNi 2 L + PVA after linearly polarized continuous light irradiation (R value 0.998 → 1.013). As a result, we successfully observed linearly polarized UV light-induced molecular orientation, particularly for two materials (nNi 2 L + PVA and nZn 2 L + PVA).
Supplementary Materials:
The following are available online at http://www.mdpi.com/2073-8994/10/12/ 760/s1. CCDC 1569974, 1569973, and 1569972 contain the supplementary crystallographic data for nNi 2 L, nCu 2 L, and nZn 2 L, respectively. These data can be obtained free of charge via www.ccdc.cam.ac.uk, or from the Cambridge Crystallographic Data Centre, 12 Union Road, CB2 1EZ Cambridge, England, UK; Fax: (+44) 01223 336033; or E-Mail: info@ccdc.cam.ac.uk.
